Introduction
This supporting information includes an extended description of analytical methods and a table detailing all single-grain (U-Th-Sm)/He data
Text S1. Extended Methods Description
For each sample, roughly 5 kg of fresh bedrock material was collected, crushed, and sieved to the sub-300-µm size fraction. Crushed material was sorted via shaking table, Frantz magnetic separator, and heavy-liquid separation using sodium polytungstate and diiodomethane. Remaining material was picked for apatites and zircons under a binocular microscope with cross-polarized light. Maximally clear, inclusion-free, idiomorphic grains were selected from each sample, avoiding murky, fractured, and/or chipped incomplete grains where possible. For each apatite sample, 3-5 grains no greater than 190 µm in diameter were chosen out of grains best meeting selection criteria. For each zircon sample, 3 suitable grains were selected no greater than 120 µm in diameter. Single grain aliquots were packed in Nb tubes for measurement. Helium was extracted and measured using the Patterson helium extraction line at the Eberhard Karl University of Tübingen. Using a 960-nm diode laser, apatite grains were heated for 5 minutes at 10 A and zircon grains for 10 minutes at 20 A for initial helium degassing. Grains were reheated immediately after to assess if all the helium was diffused out in initial heating. In certain zircon measurements, the re-extracted helium was added to the first extraction for final age calculations. Samples of Durango apatite or Fish Canyon zircon standards were measured with each sample load (21-24 grains) to calibrate the sample results. U, Th, and Sm concentrations were measured by the isotope dilution method with a Thermo-Fisher Scientific iCAP Qc inductively-coupled plasma quadrupole mass spectrometer (ID-ICP-MS) at the University of Tübingen. After removal from the helium line, apatite samples in their Nb tubes were spiked by weight with a ~100 µl calibrated mixture of 233 Th + 230 Th + 149 Sm and left to dissolve overnight in a 2 ml 5% HNO 3 + 0.1% HF mixture on a hotplate at 65°C before measurement the next day. Zircon samples in their Nb tubes were spiked with a ~100 µl calibrated solution of 233 U + 230 Th and dissolved in Berghof DAB-3 pressure digestion vessels in a HF+HNO 3 mixture at 200°C for 5 days, re-dissolved and dried, reaching a final solution of 5% HNO3 + 0.5% HF. Grain mass was estimated for each sample from 43 Ca concentrations for apatite assuming a 39.4 Ca wt% and from 91 Zr concentrations for zircon assuming a 49.77 Zr wt%. Analytical error of the He and ICP measurements is generally at or below 2% though uncertainty on He measurements can increase to 100% if the results are within 1% of the blank helium levels. Analytical error for He and ICP measurements are reported as 2 standard deviations (%). 
